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Climate	
  Absolute	
  Radiance	
  Refrac%vity	
  Observatory	
  

•  NASA’s	
  CLARREO	
  will	
  provide	
  the	
  first	
  SI	
  traceable	
  high	
  
accuracy	
  spectral	
  measurements	
  of	
  the	
  reflected	
  shortwave	
  
and	
  emiSed	
  longwave	
  to	
  detect	
  changes	
  in	
  Earth’s	
  climate	
  

•  CLARREO	
  Intercalibra%on	
  with	
  other	
  sensors	
  will	
  enable	
  
climate	
  change	
  observa%ons	
  of	
  several	
  variables	
  
–  E.g.	
  temperature	
  &	
  water	
  vapor	
  profiles,	
  cloud	
  proper%es,	
  broadband	
  

radia%on,	
  ocean	
  &	
  land	
  surface	
  proper%es	
  

•  High	
  absolute	
  accuracy	
  necessary	
  for	
  climate	
  change	
  
observa%ons	
  	
  
–  For	
  rigorous	
  climate	
  model	
  tes%ng,	
  reliable	
  climate	
  model	
  predic%ons,	
  

and	
  the	
  resul%ng	
  policy	
  decisions.	
  

CLARREO	
  will	
  serve	
  as	
  a	
  NIST	
  in	
  orbit	
  

How	
  do	
  we	
  ensure	
  to	
  design	
  these	
  instruments	
  with	
  the	
  
accuracy	
  required	
  to	
  observe	
  changes	
  in	
  the	
  climate	
  system?	
  



CLARREO	
  to	
  be	
  a	
  Calibra%on	
  Standard	
  In-­‐Orbit	
  

•  CLARREO	
  Intercalibra%on	
  with	
  poten%ally	
  up	
  to	
  40	
  other	
  LEO	
  
and	
  GEO	
  sensors	
  would	
  enable	
  climate	
  change	
  observa%ons	
  of	
  
several	
  variables	
  
–  E.g.	
  temperature	
  &	
  water	
  vapor	
  profiles,	
  cloud	
  proper%es,	
  broadband	
  

radia%on,	
  ocean	
  &	
  land	
  surface	
  proper%es	
  

How	
  do	
  we	
  determine	
  the	
  necessary	
  accuracy	
  for	
  CLARREO	
  measurements?	
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The	
  accuracy	
  of	
  a	
  perfect	
  climate	
  observing	
  system	
  is	
  limited	
  by	
  the	
  natural	
  
variability	
  of	
  the	
  climate	
  system	
  [Leroy	
  et	
  al.,	
  2008].	
  

CLARREO	
  BAMS	
  Ar%cle	
  [Wielicki	
  et	
  al.,	
  2013]	
  

Variable	
  Trend	
  Uncertainty	
  	
  
is	
  Dependent	
  Upon:	
  

Determining	
  the	
  Accuracy	
  of	
  Decadal	
  Trends	
  	
  

We	
  are	
  extending	
  this	
  trend	
  accuracy	
  analysis	
  to	
  cloud	
  proper%es	
  

•  Magnitude	
  of	
  natural	
  variability	
  
•  How	
  long	
  trend	
  is	
  observed	
  
•  Climate	
  Observing	
  System	
  Accuracy	
  



Ua = 1+σVcal
2 τ cal

σ var
2 τ var

= Variable	
  Trend	
  Uncertainty	
  for	
  Actual	
  Instrument	
  
Variable	
  Trend	
  Uncertainty	
  for	
  Perfect	
  Instrument	
  

Solve	
  for	
  calibra%on	
  uncertainty	
  in	
  cloud	
  variable	
  units	
  (σVcal)	
  

Calculate	
  natural	
  variability	
  terms	
  from	
  annually	
  and	
  globally	
  (60S-­‐60N)	
  
averaged	
  cloud	
  property	
  %me	
  series	
  	
  
•  σVar:	
  Standard	
  devia%on	
  
•  τVar:	
  Time	
  between	
  independent	
  measurements	
  –	
  	
  

dependent	
  on	
  the	
  lag-­‐1	
  autocorrela%on	
  

Accuracy	
  Uncertainty	
  Factor	
  

Determining	
  Necessary	
  Instrument	
  Accuracy	
  

For	
  an	
  instrument	
  20%	
  from	
  perfect	
   Ua	
  =	
  1.2	
  

Es%mated	
  instrument	
  life%me	
  used	
  as	
  
calibra%on	
  autocorrela%on	
  %me	
   τcal	
  =	
  5	
  Years	
  



∂(Cloud Property)
∂(Instrument Calibrationλ )

We	
  need	
  the	
  sensi%vity	
  of	
  retrieved	
  cloud	
  property	
  to	
  changes	
  in	
  
instrument	
  calibra%on.	
  

Δ	
  Instrument	
  Calibra%on	
  	
  
(Reflectance	
  or	
  Brightness	
  
Temperature)	
  

Δ	
  Cloud	
  
Property	
  

Cloud	
  property	
  sensi%vity	
  to	
  calibra%on	
  changes	
  is	
  algorithm-­‐dependent	
  

Determining	
  Necessary	
  Instrument	
  Accuracy	
  

Ua = 1+σVcal
2 τ cal

σ var
2 τ var

From	
  the	
  accuracy	
  uncertainty	
  ra=o,	
  we	
  get	
  the	
  
calibra%on	
  uncertainty	
  as	
  a	
  func=on	
  of	
  the	
  cloud	
  
property	
  in	
  ques%on.	
  



Log Optical Depth
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  of	
  log(τc)	
  to	
  Calibra%on	
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How	
  sensi%ve	
  is	
  log(τc)	
  trend	
  uncertainty	
  to	
  different	
  calibra%on	
  uncertain%es?	
  

∂ log(τ c )
∂R0.65µm

=1.08%log(τ c ) /%R0.65µm

CERES-­‐MODIS	
  algorithm	
  primarily	
  uses	
  0.65	
  μm	
  MODIS	
  
Reflectance	
  to	
  retrieve	
  Cloud	
  Op%cal	
  Thickness	
  (τc)	
  	
  



How	
  does	
  this	
  compare	
  to	
  the	
  %me	
  to	
  detect	
  trends	
  in	
  CRF?	
  

Trend	
  Uncertainty	
  of	
  log(τc)	
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May	
  be	
  able	
  to	
  detect	
  trends	
  in	
  τc	
  faster	
  than	
  in	
  CRF.	
  

Trend	
  Uncertainty	
  of	
  log(τc)	
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Log Optical Depth
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  of	
  log(τc)	
  to	
  Calibra%on	
  Changes	
  

Cloud	
  Frac%on	
  changes	
  from	
  imposed	
  calibra%on	
  changes	
  feed	
  into	
  	
  τc	
  changes	
  

∂ log(τ c )
∂Rλ

CERES-­‐MODIS	
  algorithm	
  primarily	
  uses	
  0.65	
  μm	
  MODIS	
  
Reflectance	
  to	
  retrieve	
  Cloud	
  Op%cal	
  Thickness	
  (τc)	
  	
  



Clear-Sky Updating vs Start-up Maps 0.65µm
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Impact	
  of	
  Clear-­‐Sky	
  Upda%ng	
  on	
  0.65μm	
  Sensi%vity	
  	
  

How	
  do	
  these	
  differences	
  in	
  sensi%vity	
  translate	
  to	
  differences	
  in	
  requirements?	
  

Sensi%vity	
  between	
  calibra%on	
  changes	
  and	
  variable	
  
change	
  with	
  and	
  without	
  clear-­‐sky	
  upda%ng.	
  



Clear-Sky Updating vs Start-up Maps 0.65µm
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We	
  will	
  add	
  the	
  clear-­‐sky	
  upda%ng	
  error	
  as	
  addi%onal	
  error	
  to	
  requirements.	
  

Sensi%vity	
  between	
  calibra%on	
  changes	
  and	
  variable	
  
change	
  with	
  and	
  without	
  clear-­‐sky	
  upda%ng.	
  

10%	
  
Difference	
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How	
  sensi%ve	
  is	
  TEff	
  trend	
  uncertainty	
  to	
  different	
  calibra%on	
  uncertain%es?	
  

∂TEff
∂BT11µm

=1.02 K /K11µm

CERES	
  CPRS	
  primarily	
  uses	
  11	
  μm	
  MODIS	
  Brightness	
  
Temperature	
  to	
  retrieve	
  Cloud	
  Effec%ve	
  Temperature	
  



How	
  do	
  changes	
  in	
  other	
  bands	
  impact	
  Cloud	
  Effec%ve	
  Temperature?	
  

Trend	
  Accuracy	
  of	
  Cloud	
  Effec%ve	
  Temperature	
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∂TEff
∂BTλ

CERES	
  CPRS	
  primarily	
  uses	
  11	
  μm	
  MODIS	
  Brightness	
  
Temperature	
  to	
  retrieve	
  Cloud	
  Effec%ve	
  Temperature	
  



Next	
  Steps:	
  Cloud	
  Property	
  Accuracy	
  Studies	
  

•  Accuracy	
  Uncertainty	
  Ra=o	
  rigorous	
  and	
  universal	
  method	
  to	
  
determine	
  observing	
  system	
  accuracy	
  requirement	
  &	
  %me	
  to	
  
detect	
  trends	
  

•  Further	
  inves%ga%ng	
  CLARREO	
  requirements	
  based	
  on	
  natural	
  
variability	
  of	
  cloud	
  proper%es	
  

•  These	
  results	
  depend	
  on	
  cloud	
  retrieval	
  algorithm	
  (MODIS,	
  
CERES/MODIS,	
  VIIRS,	
  etc)	
  

•  Thus	
  far	
  we	
  have	
  inves%gated	
  the	
  requirements	
  based	
  on	
  changes	
  
in	
  individual	
  MODIS	
  wavelength	
  bands.	
  
–  Next	
  Step:	
  Determine	
  requirements	
  based	
  on	
  changes	
  in	
  mul%ple	
  bands	
  

•  Next	
  Steps:	
  Are	
  the	
  biases	
  in	
  cloud	
  retrievals	
  due	
  to	
  algorithm	
  
assump%ons	
  stable	
  over	
  climate	
  scales?	
  	
  
•  Star%ng	
  Point:	
  Quan%fying	
  how	
  much	
  the	
  3D	
  Op%cal	
  Depth	
  Bias	
  changes	
  
over	
  mul%ple	
  decades?	
  


